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Deiedinotien  ol  Mbyroxlne  in  vitro  by 
psripbard  leukocytes  from  rhesus  monkeys  with 
bariert'e!  sepsis 

FREDERICK  H.  lWRURKRTIK*  f'ittehurnh,  I’n. 


The  deiodination  of  l-tbyroxine  (TJ  in  vitro  by  peripheral  leukocytes  isolated  from 
healthy  rhesus  monkeys  was  compared  to  that  of  leukocytes  from  monkeys  with 
acute  Salmensila  typhimuriutts  sepsis,  an  infection  associated  with  accelerated 
metabolism  of  T4  in  vivo.  Deiodination  of  T4  by  leukocytes  from  septic  monkey 
donors  was  significantly  enhanced,  with  inorganic  iodide  identified 
chromatographically  as  the  predominant  product  of  T4  degradation.  Induction  of 
phagocytosis  in  vitro  potentiated  the  T4  deiodinating  activity  of  leukocytes  from 
both  control  and  infected  monkeys.  However,  the  proportion  of  added  T4  degraded 
by  leukocytes  from  septic  donors  following  stimulation  of  phagocytosis  in  vitro 
was  nearly  twice  that  of  cells  from  controls.  Although  mixed  populations  of  isolated 
leukocytes  (predominantly  neutrophils  and  lymphocytes)  were  studied,  the 
metabolism  of  T4  in  vitro  was  almost  exclusively  an  action  of  the  neutrophil.  By 
contrast  with  the  enhanced  T4  deiodinating  activity  of  neutrophils  from  septic  hosts, 
the  rate  of  l4C- 1  -glucose  oxidation  in  vitro  by  these  cells  was  not  detectably 
different  from  that  of  neutrophils  from  control  monkeys,  when  assessed  basally  or 
after  induction  of  phagocytosis.  The  data  suggest  that  deiodination  of  T4  by  host 
neutrophils  might  contribute  to  the  acceleration  of  T4  metabolism  observed  in 
vivo  during  some  acute  infections.  The  quantitative  importance  of  neutrophil 
metabolism  of  T4  in  vivo,  the  mechanisms  mediating  enhanced  hormonal  degradation 
by  these  cells,  and  the  extent  to  which  iodide  released  from  T4  Is  utilized  in  the 
myeloperoxidase-HjOj-halide  antimicrobial  system  as  part  of  a  host-defense 
system  against  invasive  bacteria  remain  uncertain. 


■A-iTt'lenited  host  metabolism  of  /-thyroxine  (T4)  lias  been  observed  dur¬ 
ing  acute  bacterial  pneumonia  in  man1  and  during  bacterial  sepsis  in  the 
rhesus  monkey.8’1  These  illnesses  are  characterized  by  signifleant  increases  in 
the  number  of  circulation:  leukocytes.  Since  leukocytea  stimulated  to  phagocytize 
in  vitro  accumulate  and  dciodinnte  T4  more  rapidly  than  resting  cells,3,  “  it 
seemed  possible  that  the  enhanced  metalsilism  of  T4  awomjuiuying  some  acute 
Imeteriul  infections  might,  at  least  in  part,  be  attributable  to  increased  deiodi- 
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Table  I.  Deiodination  of  '^’I-labeled-Z- thyroxine  (TJ  in  vitro  by  •  -inheral 
leukocytes  from  rhesus  monkeys 


Group 

Hours  after  inoculation 

Kasai 

1  S 

|  S4  j 

48 

j  (%  added  neutrophils  per  $  hours) 

(Control  (6) 

(1.3 

12.4 

10.5 

9.(1 

±  1.2 

+  1.4 

+  1.3 

t  1.0 

SALM  (6) 

9.4 

12.9 

11.0 

11.7 

+  1.1 

i  1.5 

♦  1.3 

±  1.4 

Infected  (6) 

10.8 

1(1.5* 

18.3* 

17.4* 

i  1.0 

+  1.7 

♦  2.1 

±  1.9 

Values  shown  are  means  i  .1.13.  Basal  rates  represent  the  average  of  2  sequential  pre- 
inoculation  determinations  made  at  24  hours  and  Immediate  ->rior  to  Inoculation. 

Monkeys  were  inoculated  Intravenously  with  cither  saline  (contrt  a  saline  suspension 

of  2  x  10*  heat-killed  (SALM)  or  viable  (Infected)  8.  typhlmuru,  •  hour  0.  Reaction 

mixtures  were  adjusted  to  contain  a  total  of  10'  neutrophils. 

•Indicates  p  <  0.06.  comparing  the  postinoculation  value  to  both  its  own  basal  value  and 
to  tho  value  of  control  at  the  corresponding  hour  of  study. 


Table  II.  Effects  of  induction  of  phagocytosis  itt  vitro  on  the  deiodination  of 
‘"'I-labeled-J-thyroxine  (T<)  by  peripheral  leukocytes  from  rhesus  monkeys'* 


Xeaetion 

mixture 

Control  (4) 

|  Infected  (A) 

deiodination 

OM  +  I- 

|  OM 

|'  OM  +  1- 

OM 

leukocytes 

9.9 

0.9 

l«.8t 

1.6 

±  1.3 

♦0.2 

+  1.9 

+0.4 

Leukocytes  + 

28.7* 

5.2*  •• 

45.6*  t 

8.6*  ( 

S.  tpphmurium 

±  2.8 

+.0.6 

+-  5.1 

*1.1 

Leukocytes  + 

25.1* 

4.3* 

41,3*  t 

7.9*  t 

E.  eoli 

i  2.4 

20.7 

+  4.« 

*1.2 

Leukocytes  wore  Isolated  from  9  monkeys  24  hours  After  Intravenous  Inoculation  with 
saline  (control)  or  k  saline  surpenslon  of  2  >  10*  viable  fl.  urfam  (infected).  All 

monkeys  were  studied  concomitantly  as  n  single  group,  XU’iwtlon  mixtures  werr  adjusted 
to  contain  a  total  of  101  noutrophlla  with  or  without  Ihes.t-klllecl  bacteria  (20  baeterln 
per  neutrophil).  Values  shown  ore  means  i  51. S..  expreerod  as  per  cent  of  added  1,1 1 -IV U> 
neutiophtls  per  2  hours,  OM  represents  product  appearing  «*  cheematograph  lenity 
Immobile  origin  material ;  I-,  that  as  Iodide. 

•Indicates  p  <  0.06  compared  to  eiurespondSW  value  for  leukocytes  alone, 
t Indicates  p  <  0.06  comparing  corresponding  tfomtltlone  of  control  and  tefecUxl, 


nation  of  T,  by  activated  kmkw  ytes  of  the  infected  beat.  There  is  evidence  to 
suggest  that  in  vitro  deiodination  of  T<  by  leukocytes  from  i’dected  monkeys 
may  1h>  increased,  although  this  possibility  was  not  exandtos)  its  detail.11  Ac¬ 
cordingly,  in  the  present  study,  the  degradation  of  T4  bv  peripheral  leukocytes 
from  monkeys  with  flahmtifJla  typkiuiurium  sepsis  was  assessed  in  vitro  This 
infection  lias  been  shown  to  markedly  potentiate  her,t  metabolism  of  T4  in  vivo 
and  is  a-  Delated  with  a  neutrophilic  leukocytosis.4 

Methods 

Healthy  male  rhe*t«  monkeys  {Mamca  mulatto),  weighing  between  2.7  ami  4.S  kilograms, 
were  secured  la  |>riiimtt>  chairs,  fed  n  standard  diet,  imd  allowed  water  n<l  libitum.  After  u 
7-day  period  of  adaptation,  monkeys  were  inoculated  intravemmiily  with  1  ml.  nf  sttlliie 
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Tubh'  III .  Dcindiuntioti  of  '•’"I-lnboled-Mlivroxhu*  ( rl\ )  in  vitro. J»y  peripheral 
lymphocytes  from  rhesus  monkeys 


Monkey 

Heart  ion 

mixture 

Exp.  t  ! 

(%  added  J10: 

Exp.  2 

eells  per  t  hours) 

Control 

A.  Mixed  Leukocytes 

11.8  (39%) 

0.5  (.’tl%) 

It.  Lymphocytes 

0.5  (4%) 

o.4  (:t%) 

C.  Lymphocytes  * 

S.  typhimurium 

0.0  (-1%) 

0.7  (,‘t%) 

Infected 

A.  Mixed  leukocytes 

17.0  (8(1%) 

14.2  (81%) 

It.  Lymphocytes 

0.8  (5%) 

1-1  (7%) 

C.  Lymphocytes  i 
.S’,  typhimurium 

1.1  (5%) 

1.5  (7%) 

1).  Mixed  leukocytes  + 
lymphocytes 

10.2  (.’10%) 

14.9  (52%) 

Mixed  peripheral  leukocyte*  and  purlfled  lymphocytes  were  Doliitoil  from  monkeys  24  hours 
after  inoculation  with  saline  (control  l  or  with  2  x  10*  viable  S.  tuptiim urlum  (infected). 
Kxperiments  1  and  2  were  conducted  on  separate  days.  employinK  cells  from  a  different 
Control  and  Infected  monkey  pair.  Ilenctton  mixture  A  (mixed  leukocytes)  was  adjusted 
to  eontniu  a  total  of  1111  neutrophils  and  results  are  expressed  per  10'  neutrophils,  un* 
corrected  for  any  contribution  of  lymphocytes.  II  and  C  contained  1  *1’  purlfled  lymphocytes, 
and  results  art*  expressed  per  1  ft-  lymphocytes.  Tin*  cell  iiopulntlnn  of  1)  consisted  of  a 
total  of  in’  neutrophils,  added  as  mixed  leukocytes,  plus  approximately  1.8  x  HI’  purlfled 
lymphocytes  from  the  same  monkey,  added  to  reduce  the  proportion  of  neutrophils  In 
the  final  reaction  mixture  Results  in  l>  were  expressed  per  1ft’  neutrophils  The  Anal 
proportion  of  neutrophils  It:  each  reaction  mixture  Is  shown  in  parentheses.  The  rntlo  of 
licnt-killcd  bacteria  to  lymphocytes  was  2ft/ 1. 


(control)  or  with  1  ml.  of  a  saline  suspension  containing  2  x  10"  heat-killed  (Palm)  or 
viable  (infected  i  .s’.  typhimurium.  Organisms  were  prepared  as  previously  reported.’  ltectnl 
temperatures,  blood  counts,  and  cultures  were  monitored.  To  evaluate  deiodination  of  T, 
by  leukocytes  obtained  sequentially  from  these  monkeys  (Table  I),  heparinized  femoral 
venous  blood  samples  (20  ml.)  were  drawn  pereutnnenusly  at  21  hours  and  immediately  prior 
to  inoculation,  and  then  nt  8,  2-1,  and  -IS  hours  after  inoculation.  In  these  experiments  (Table 
I  1  monkeys  were  studied  in  two  groups  of  l>,  with  each  study  group  consisting  of  •’!  control, 

,’l  Sulm,  and  .‘I  infected  monkeys.  Data  from  these  two  groups  were  pooled  for  analysis.  l:i 
all  other  experiments  (Tables  II  through  IV),  larger  blood  samples  (100  to  .1110  ml.)  were 
obtained  by  femoral  arterial  catheterization  2-1  hours  after  inoculation  of  monkeys  with  either 
saline  or  viable  salmonella.  These  monkeys  were  a  nest  hot  ized  with  pentobarbital  (SO  mg.  nor 
kilogram  intramuscularly )  immediately  prior  to  instrumentation. 

I'nparotion  of  peripheral  leukoryti-s.  Peripheral  leukocytes  were  isolated  from  freshly 
drawn  heparinized  whole  blood  by  dcxtrnn  sedimentation  at  4°  C.  Plastic  syringes  and 
laboratory  ware  were  used  throughout.  Following  sedimentation,  residual  erythrocytes  in  the 
leukocyte  pellets  were  lysed  by  exposure  to  cold  distilled  water  for  25  seconds  ami  hemo¬ 
globin  removed  by  washing  (he  cells  .’I  times  with  KRPfS.  Final  cell  suspensions  were  essentially 
free  of  contaminating  erythrocytes.  Purified  lymphocyte.-,  were  prepared  from  dex trail -sedi¬ 
mented  mixed  leukocytes  by  nylon  rhrimnfogrnphy.*  (’i’ll  viability,  assessed  at  tin*  initiation 
of  nil  incubations  by  Irvpan  blue  exclusion,  generally  exceeded  95  per  cent.  Cells  were  always 
studied  on  the  day  of  isolation  and  maintained  at  -1°  C.  until  incubation. 

I  hi  rr  mi  notion  of  T {  tleioilination.  Leukocytes  were  incubated  in  2  ini.  of  Krebs  Ringers 
phosphate  buffer  (pll  7.-1.  0.5  tnM  Cm**)  with  -1  mg.  of  glucose  (KltP(l)  and  0.2  ;ig  of 
m»|. labeled  /-thyroxine  ( »:*•  I -T  >  (Obtained  from  Abbott  Labointories,  North  Chicago,  111.). 
Hinco  heterogeneous  populations  of  peripheral  leukocytes  (primarily  neutrophils  t  lymphocytes) 
were  routinely  employed  for  study,  a  standard  numlier  of  neutrophils  (10?)  was  added  to 
each  reaction  mixture.  In  order  to  maintain  a  constant  neutrophil  concent  rat  ion  in  nil  assays, 
the  total  nttmlsw  of  leukocytes  added  to  l he  reaction  mixtures  varied  from  2  to  1  x  UK  cells 
from  the  non  Infected  monkeys  to  no  more  than  l.tl  *  1115  cells  from  infected  monkeys.  This 
variation  was  owing  to  the  lymphocytic  predominance  * 25  to  50  per  cent  neutrophils)  of  the- 
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Table  /V.  Oxidation  of  u0-l -glucose  in  vitro  by  peripheral  leukocytes  from 
rhesus  monkeys 


Reaction 

mixture 

Control  j 

Infected 

( e.p.t/i.  “Cfl,/10: 

cells  per  hour) 

A.  Mixed 

1.745  (38V,  ) 

1,86.8  (OIV  ) 

leukocytes 

t  102 

±  177 

It.  Mixed  leukocytes 

7,708  1 38'/, ) 

8,230  (ft! V  ) 

+  .S’.  '  pfiimu,  ium 

i  044 

.  +  735 

<’.  I.ymphaeyi  - 

3!I4  ( 27,  i 

443  <49#  ) 

f  30 

+  38 

1).  lymphocytes 

427  (2Ve) 

500  (4'v  ) 

+  N.  typhimurium 

t  30 

+  32 

Values  shown  are  mean  i  S.K.  of  triplicate  determinations  of  "f’O;  (feneration  from 
"C-l-alucose  in  a  representative  experiment  (performed  3  times)  by  mixed  peripheral 
leukocytes  or  purified  lymphocytes  oht  lined  2 I  hours  after  Inoculation  of  one  monkey 
with  saline  (control)  ami  another  monkey  with  2  v  :o*  viable  salmonella  (Infected). 
Her  ion  mixtures  A  and  M  were  adjusted  to  contain  a  total  of  10’  neutrophils  and 
resi  ;  are  expressed  per  UP  neutrophils,  after  correction  for  tlie  calculated  contribution 
from  lymphocytes.  C  and  D  contained  approximately  UP  purifled  lymphocytes  and  results 
are  expressed  per  IIP  lymphocytes.  The  proportion  of  neutrophils  present  In  each  reaction 
ml>  to  Is  Irtllcated  by  the  values  In  parentheses. 


cell  populations  obtained  from  healthy  mo u keys  and  the  neutrophilic  jircdomiuauco  (>  70  per 
cent)  of  those  from  infected  monkeys.  When  deioilinntiim  nf  T4  by  purifled  lymphocytes  was 
assessed  (Tnldt  ill),  1  Of  lymphocytes  were  employed  in  each  reaction  mixture.  To  examine 
the  effects  of  bacteria  on  the  rate  of  T,  delodinntion  by  monkey  leukocytes  in  vitro,  heat- 
killed  (3(1°  0.  for  .TO  miuutes,  .S',  typki  murium  or  A’xoherfeAio  <x>/i  were  added  to  reaction 
mixtures  containing  mixed  leukocytes  or  purified  lymphocytes  at  a  ratio  of  SO  teeter  In  per 
neutrophil  or  lymphocyte,  respectively.  Prior  to  addition,  iweteria  were  opsiiaiwd  i>y  Incuba¬ 
tion  with  pooled  normal  moukoy  serum  for  2d  minutes  at  37'  t'.  and  then  washed  twice  with 
Kitifl  (o  remove  excess  scrota  protein. 

I.eukoeytes  from  3  healthy  monkeys  were  Incubated  in  the  presence  or  absence  of 
endotoxin  ( Upopoiysaeelmride  it,  R.  lypitimurium ;  Difro  laboratories,  Detroit,  Mleii.l,  Tito 
latter  was  tested  in  eoneeotratious  of  <1,1,  131.  Id,  and  MW)  gg  jaw  milliliter  of  incubation 
medium. 

Reaction  mixtures  were  routinely  incubated  in  plastic  vie-  for  ’J  boars  in  o  Dubnoff 
metalsdlc  shaker  at  37*  (’.,  with  duplicate  vials  run  foi  each  condition  studied.  This  inettlstiitm 
time  was  chosen  Iwause  preliminary  liiYestlgntlnn*  indicated  that  the  porcentnge  of  added 
,*T’T4  dciodiimtcd  l»y  monkey  leukocytes  readied  ii  plateau  value  between  1  and  2  hours, 
ill  each  experiment,  leukocyte-free  vials  were  employed  to  correct  for  mmHpeeiHo  T,  degrada¬ 
tion  (3  lo  b  |mr  eeut  of  total  ,:lil-T4  added)  nut),  where  appropriate,  the  effects  of  heat- 
killed  teeteflu  alone  were  assessed,  Reactions  wete  stopped  by  adding  to  each  vial  500  pi 
of  25  tM>r  cent  liimmii  serum  ulbumlii  sustaining  propylthiouracil,  carrier  *p  mid  iodide.  The 
proportion  of  w  1  T,  deiodinuled  was  then  determined  by  subjecting  Id  pi  aliquots  of  this 
mixture  to  ascending  elmmmlogri.phy  on  filler  paper  strips  la  a  Imtauol-aeetic  ncid-wntcr 
solvent  system,  in  ltd*  system,  T(  migrates  most  rapidly  from  the  origin  and  is  clearly 
w'lmmted  from  the  more  slowly  moving  Inorganic  iodide  ( t- )  ami  from  immobile  origin 
■  mterinl  ( OM ) ■*  Tlu*  inls'led  areas  of  the  sirijw  were  identified  by  autoradiography  sit 
counted  in  a  well  type  sehi'illufion  counter.  The  |ierceuluge  of  ndtled  t»»|.T  deiaditmtctl  was 
then  calculated  as  I  ♦  OM  -  "W)/|.  ♦  OM  ‘  T,.  The  precise  imlurc  of  OM,  the  ehrimmlo 
erri|m|c-ilb  immobile  io.;{ |,;i I  pioilih!  tonuct  ihirotg  metabolic  llegrndaiion  Of  T,  by 
mammalian  tissues,  Is  unknown,  ffnwcve*.  there  is  eunsiderahle  evidence  lo  indicate  (hat  It  Is 
comprised  predominantly  of  imloproleias,  generated  from  the  transfer  nf  bornuoudly  derived 
itwdne  to  pr«ite(n  moieties." 

Hi'  l-ul arose  oxidation.  In  fhesii  exjierimcnls,  lid  limit  rop'db  (os  mixed  leukocytes)  or 
ltd  purified  lymphocytes  were  iite.-ilmled  In  a  metabolic  shaker  for  I  hour  ut  37*  in  2  Hlj. 
of  IvlUTl  eonluiolng  2  mg.  of  uulsls'led  glucose  and  I  pOl  of  Hf'lglueoae  i  Amersliam/ 
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Senrle,  Inc.,  Arlington"  Heights,  Ill.)  (2.9  mCi  per  millimole).  Incubations  were  conducted 
in  siliconized,  25  ml.  glass  Krlenmeyev  flasks  which  were  sealed  with  a  serum  cap  containing 
a  center  well.  At  the  completion  of  the  incubation,  '■‘CO.,  formed  was  lilierated  by  the  addition 
of  0.2  ml.  of  fl  X  H,80,  to  the  reaction  mixture,  and  collected  in  0.2  ml.  of  Hyamine 
hydroxide  (Packard  Instrument  Co.,  Downers  Grove,  111.)  in  the  center  well.  After  a  45- 
minute  equilibration  period,  the  entire  center  well  was  transferred  to  counting  vials  containing 
15  ml.  of  toluene-based  scintillation  solution  (Keintisol  Complete)  ( isolab,  Inc,,  Akron, 
Ohio)  and  counted  in  a  well-type  liquid  scintillation  counter. 

Differemes  between  mean  values  were  analyzed  statistically  using  Student’s  t-test  for 
unpaired  values. 

Result* 

Deuxlinatinn  of  by  leukocytes  from  infected  monkeys.  During  the  48-hour 
period  of  study  after  inoculation,  monkeys  receiving  viable  »V.  typhimurium  ex¬ 
perienced  a  septic,  febrile  illness  with  a  neutrophilic  leukocytosis  (10,700  to 
23,300  leukocytes  per  mieroliter  with  63  per  cent  or  more  neutrophils)  similar 
to  thi,‘  previously  reported.4  A  transient  neutrophilia  and  low-grade  fever  was 
noted  (b  ou.s  after  inoculation  only)  in  monkeys  given  heat-killed  bacteria, 
whereas  these  parameters  were  not  noticeably  altered  in  auline-inoeulated 
monkeys. 

As  shown  in  Table  I,  the  in  vitro  deiodinntion  of  T,  by  leukocytes  isolated 
from  in  feet  I'd  monkeys  at  8,  24,  and  48  hours  after  inoculation  was  significantly 
enhanced  when  compared  laith  to  the  deiodinating  activity  of  leukocytes  obtained 
from  these  same  monkeys  prior  to  inoculation  and  to  that  of  concomitantly 
isolated  leukocytes  from  saline-inoculated  monkeys.  Deiodinntion  of  T«  by 
leukocytes  obtained  from  monkeys  8  hours  after  the  inoculation  of  heat-killed 
bacteria  was  slightly  inemised  (Table  I)  compared  to  the  pre-inoculation  value 
of  this  group,  but  this  difference  was  not  statistically  significant.  Deiodlnat ion 
of  T,  by  leukocytes  isolated  .sequent iully  from  saline  controls  did  not  change 
appreciably  with  time.  In  all  instances,  the  predominant  product  of  T«  metab¬ 
olism  identified  ehromatographieidly  was  inorganic  iodide  with  no  significant 
differences  among  the  leukocyte  groups  in  th>  proportion  of  degradation  product 
appearing  as  iislide  or  immobile  origin  material.  Although  blood  cultures  wore 
positive  at  8,  24,  and  48  *.,,0171  after  inoculation  of  viable  salmonella,  bacterial 
particles  were  not  identified  within  peripheral  leukocytes  harvested  from  infected 
monkeys  at  theta*  times  by  (iiemsn  stain. 

Deiodinntion  of  1\  by  leukocytes  induced  to  phagocytisse  in  vitro.  As  indi¬ 
cated  in  Table  11.  dciodination  of  T,  by  leukocytes  from  both  control  and  infect¬ 
ed  monkeys  was  significantly  enhanced  when  phagocytosis  wn»  induced  in  vitro 
by  addition  of  opsonize*!,  heat-killed  bacteria  to  the  reaction  mixtures.  However, 
upon  stimulation  of  phagocytosis  in  vitro,  leukocytes  obtained  from  monkeys 
with  salmonella  Mqrais  dciodi noted  an  appreciably  greater  proportion  of  added 
•*’I-Tj  than  did  concomitantly  stud  its  j  phagwy  tiring  leukocytes  from  'snitro! 
monkeys  (Table  II).  In  vials  containing  best-killed  iwetera  alone  without 
leukocytes,  degradation  of  T,  vas  *u.t  .fctcctaldy  different  from  that  observed 
in  cell- free  vials  (3  to  5  |H*r  cent  of  added  *4,I«T«).  tTpt«ke  of  added  bacterial 
particles  by  neutrophils  from  both  control  and  infected  monkeys  was  demon¬ 
strated  bv  Dir  ms.  iain  of  the  lealurcytes  at  the  conclusion  of  the  2-hour  ir 
oulwtior.K.  In  vitro  uptake  of  Wlerb  by  leukocytes  from  infected  monkeys  was 
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not  obviously  greater  than  thut/of  control  monkeys.  Addition  of  either  <S’. 
typhimurium  or  A’,  coli  to  reaction  mixtures  uppeared  equally  effective  in 
potentiating  T4  deiodination  by  leukocytes  from  monkeys  with  acute  A’,  typhimu¬ 
rium  sepsis. 

As  also  shown  in  Table  II,  phagoeytizing  leukocytes  from  both  control  and 
infected  monkeys  formed  greater  quantities  of  chromatographically  immobile 
origin  material  from  T,  degradation  than  did  leukocytes  not  induced  to  phago- 
cytize  in  vitro.  Further,  origin  material  constituted  a  greater  fraction  of  the 
total  metabolic  products  formed  bv  phagoeytizing  leukocytes  (approximately 
20  per  cent  of  OM  +  I')  compared  to  nonphagoevtizing  cells  (9  per  cent  of 
OM+F). 

In  contrast  to  the  stimulatory  effects  of  bacteria,  the  addition  of  endotoxin 
in  vitro  to  reaction  mixtures  containing  leukocytes  from  healthy  monkeys  had 
no  detectable  effeets  on  the  deiodination  of  T4,  expressed  as  mean  per  cent  per  107 
neutrophils  per  2  hours  +  S.E.  (basal:  8.8  +  0.9;  endotoxin:  9.6  ±  1.0,  10.3  ±  1.0, 
8.1  ±  0.5,  and  7.5  ±  0.7  with  test  doses  of  0.1,  1.0,  10,  and  100  ^g  per  milliliter, 
respectively) , 

Deiodination  of  1\  in  vitro  by  lymphocytes.  As  indicated  in  Tables  1  and  II, 
leukocytic  deiodination  of  T,  was  expressed  per  10T  neutrophils,  although  both 
neutrophils  and  large  nundtera  of  lymphocytes  were  present  in  the  reaction 
mixtures.  Moreover,  leukocyte  population  isolated  from  control  monkeys  con¬ 
tained  proportionately  more  lymphocytes  than  did  leukocyte  populations  from 
septic  monkeys.  However,  as  shown  in  Table  111,  relatively  purified  preparations 
of  lymphocytes  isolated  from  either  infected  o>  ontrol  monkeys,  dciod mated 
negligible  quantities  of  UII-T,  in  vitro  (0.4  to  !.»  per  cent  of  added  mI-T,  per 
10;  lymphocytes)  with  little  enhancement  in  the  presence  of  bacteria  (0.7  to 
1.5  per  cent).  Lymphocytes  were  also  added  to  reaction  mixtures  containing 
mixed  leukocytes  from  infected  monkeys  in  order  to  reduce  the  high  proportion 
of  neutrophils  present  In  these  cell  populations  to  levels  encountered  in  the  leu¬ 
kocyte  populations  front  control  monkeys.  Such  additions  did  not  appreciably 
alter  the  T,  doiodimtting  activity  \»f  leukocytes  from  infected  monkeys  (Table 
III),  implying  that  the  lower  activity  of  ceil  imputations  from  mmmfeeted 
monkeys  was  not  attributable  to  their  higher  lymphocyte  content. 

nC't -(flue Jsc  oxidation.  Table  IV  shows  "('-1 -glucose  oxidation  by  mixed 
leukocytes  and  purified  lymphocytes  isolntetl  from  control  und  infected  monkeys. 
"(k)a  formation  by  the  neutrophils  present  was  calculated  by  correcting  that  of 
the  total  leukocyte  population  hv  the  value  determined  for  lymphocytes  alone. 
As  estimated  ov  this  motto, ,,  “C-  l -glucose  oxidation  by  neutrophils  from  control 
ami  infected  monkeys  appeared  to  be  similar  i Table  IV).  Moreover,  "COt 
formstiun  by  neutrophils  from  both  rontrol  and  infected  monkeys  was  com¬ 
parably  enhanced  (approximately  4-fohl)  by  the  ifiduction  of  phagocytosis 
in  vitro  (Table  IV).  Hv  contrast,  lymphocyte  ‘«CO,  formation  was  not  ap¬ 
preciably  increased  by  the  uddition  of  heat-killed  Iwctovia  to  the  reaction 
mixtures, 

Otauwten 

The  results  demonstrate  that  leukocytes  isolated  front  monkeys  with 
typhimurium  sepsis  deiodinate  T,  in  vitro  at  an  enhanced  rate  compared  to 
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leukocytes  harvested  from  the  same  monkeys  prior  to  infection  or  to  concomitant¬ 
ly  studied  leukocytes  from  noninficted  monkeys.  Induction  of  phagocytosis  in 
vitro  increased  the  deiodination  of  T,  hy  monkey  leukocytes,  a  response  pre¬ 
viously  noted  with  human  leukocytes.'" ,!  Moreover,  upon  stimulation  of  phago¬ 
cytosis  in  vitro  the  deiodinating  activity  of  leukocytes  harvested  from  septic 
monkey  donors  was  .significantly  greater  than  that  of  phngoeytizing  cells  from 
healthy  donors  (Table  111.  Although  the  leukocyte  populations  studied  con¬ 
tained  appreciable  numbers  of  lymphocytes  as  well  as  neutrophils,  in  vitro 
metabolism  of  T.,  was  predominantly  an  action  of  neutrophils  (Table  Ill).  These 
findings  are  consistent  with  a  possible  role  for  neutrophils  in  the  releration 
of  host  peripheral  metabolism  of  T.,  seen  dining  bacterial  sepsis.-'1  The  results 
further  suggest  that  the  contribution  of  neutrophils  to  the  total  T4  deiodinating 
activity  of  the  host  may  he  particularly  prominent  in  infections  characterized 
hy  intense  direct  interaction  between  neutrophils  and  bacteria  (Table  II).  Such 
an  in  vivo  setting  for  neutrophil  ingestion  of  invasive  bacteria  would  he  expected 
to  occur  in  acute  bacterial  pneumonias,  illnesses  in  which  both  acceleration  of 
peripheral  T,  metabolism’  and  isotopic  localization  of  laheled-T,  in  the  lung 
lesions'"  have  been  observed  in  man.  However,  the  extent  to  which  the  in  vitro 
findings  of  enhanced  neutrophil  T,-degrndntivc  activity  correlate  with  the  in 
vivo  activity  of  these  cells  during  acute  infection  must  still  he  established. 

Both  the  mechanisms  mediating  accelerated  metabolism  of  T,  by  leukocytes 
following  induction  of  phagocytosis  in  vitro,  and  those  responsible  for  the 
increased  deiodinating  activity  of  leukocytes  obtained  from  infected  donors,  are 
uncertain.  In  Icukoevtcs,*- ’’  as  in  other  tissues,'3  peroxidative  metmxdism 
appears  to  he  an  important  physiologic  pathway  of  T,  degradation  am.  induc¬ 
tion  of  phagocytosis  '••is  lavn  shown  to  increase  the  activity  of  peroxidase- 
H»Oa  systems  in  leukocyte;  ”•"  Although  there  is  evidence  to  unpins?:'  jaden- 
t  foil  ion  of  peroxidative  metabolism  in  the  increased  dciodimtt'ng  activity  of 
phngoeytizing  leukocytes.’  other  studies  have  suggested  that  an  enhanced  rate 
of  T,  accumulation  hy  phngoeytizing  cells  may  la>  a  primary  factor."  These 
questions  are  not  specifically  addressed  in  the  present  study.  However,  it  is 
known  that  T»  may  he  substituted  for  inorganic  halide  as  an  oxidbablo  cofuctor 
in  the  myelojmroxidase-IIAfjdinliite  antimicrohial  system  of  leukocytes”  and 
that  this  ••ell  system  utilize*  halide  in  the  iodinntinn  ami  killing  of  ingested 
bacteria, '"• ,r  As  shown  in  Table  II.  following  addition  of  bacteria  to  reaction 
mixtures,  an  increased  proportion  of  radioinditic  released  from  ”’1-T,  appcaml 
in  the  form  of  rhrinmitogrnphically  inuaohile  origin  material.  This  change 
likely  reflects  accelerated  Iransiodinntion  processes  with  increased  iodoprotein 
formation  hv  phngwytizing  cells.  ’  jm  chaps  in  part  due  to  iodinutiun  of  ingested 
Iweteria  or  bacterial  protein. 

It  is  tempting  to  speculate  that  the  enhanced  in  vitro  dr iodiimting  activity 
of  h-nkoeytes  from  infected  monkeys  might  Is-  related  to  their  active  participa¬ 
tion  in  bacterial  phagocytosis  in  vivo  prior  to  isolation.  However,  there  is  no 
direct  evidence  to  support  this  pixsihililv.  Bacterial  particles  were  not  identified 
within  neutrophils  from  infected  donors  and  upoti  addition  of  heat  killed 
Imetcria  fW  miriiiut  thlsttitvjt  iu  vilivi,  iirutruphiln  from  in(Vrtn4  mottk^VK 
«IM  hut  1«»  u mmv  ImiHitm  llunt  Hi****  fn»m  homnftvtiil  tlouors. 
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Further,  leukocyte  "C  ! gl noose  oxidation,  a  parameter  known  to  be  potentiated 
by  phagocytosis, 1,1  was  not  deteetably  greater  in  cells  obtained  from  luteteremie 
monkeys  (Table  I \" ) .  The  absence  of  evidence  of  recent  phagocytic  activity  in 
peripheral  leukocytes  obtained  from  Imcteromie  monkeys  may.  in  part,  be 
related  to  the  fact  that  fixed  tissue  phagocytic  cells  of  the  liver  and  spleen, 
rather  than  circulating  neutrophils,  arc  the  primary  sites  of  clearance  of 
blood-borne  bacteria. Accordingly,  it  seems  possible  that  factors  other  ♦halt 
active  phagocytosis,  such  as  bacterial  products,  may  mediate  the  enhanced  T, 
deiodinating  activity  of  neutrophils  during  sepsis.  In  this  regard,  direct  in  vitro 
addition  of  endotoxin  to  reaction  mixtures  had  no  demonstrable  effect  on  T, 
degradation  by  neutrophils  from  healthy  donors.  In  previous  studies,  iutnm- 
nous  administration  of  this  agent  similarly  failed  to  increase  the  peripheral 
metabolism  of  Tt  in  monkeys. '  Further,  leukocytes  from  monkeys  inoculated 
with  Diplwmrw  )>ni  umonitu ,  mi  organism  devoid  of  endotoxin,  have  been 
shown  to  degrade  T,  at  an  increased  rate  in  vitro."  Thus,  specific  evidence  to 
implicate  endotoxin  is  lacking,  and  those  factors  responsible  for  ‘die  increase 
in  T,  deiodinating  activity  of  leukocytes  during  infection  remain  to  be  delineated. 

We  wish  to  thunk  x|hv|uUsIs  Steve  Krvin,  l-'ml  Kuykemlithl,  Hrinn  Snmler,  ttnil  Mr. 
WhHiuh*  FW  for  export  tt*«‘lim<*al  ii*s*u*tuiir«*. 
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